Phosphorylation of lamin B at the nuclear membrane by activated protein kinase C.
Both bryostatin 1 and 4 beta-phorbol 12,13-dibutyrate (PBt2) activate Ca2+- and phospholipid-dependent protein kinase (protein kinase C) at the plasma membrane in HL-60 cells (Kraft, A. S., Baker, V. V., and May, W. S. (1987) Oncogene 1, 91-100). However, whereas PBt2 causes HL-60 cells to cease dividing and differentiate, bryostatin 1 antagonizes this effect and allows cells to continue proliferating. To test whether these divergent effects could be due to the differential activation of protein kinase C at the nuclear level, the phosphorylation of nuclear envelope polypeptides was evaluated in cells treated with either bryostatin 1 or PBt2. Bryostatin 1, either alone or in combination with PBt2, but not PBt2 alone, mediates rapid and specific phosphorylation of several nuclear envelope polypeptides. A major target for bryostatin-induced phosphorylation is the major nuclear envelope polypeptide lamin B (Mr = 67,000, pI 6.0). In vitro studies combining purified protein kinase C and HL-60 cell nuclear envelopes demonstrate that bryostatin activates protein kinase C to phosphorylate lamin B, whereas PBt2 does so only weakly, suggesting selective activation of this enzyme toward this substrate. Comparative phosphopeptide and phosphoamino acid analyses demonstrate that bryostatin induces phosphorylation of identical serine sites on lamin B both in whole cells and in vitro. Treatment of whole cells with bryostatin, but not PBt2, leads to specific translocation of activated protein kinase C to the nuclear envelope. Since phosphorylation of lamin B is known to be involved in nuclear lamina depolymerization at the time of mitosis, it is possible that bryostatin-activated protein kinase C activity is involved in this process. Finally, specific activation of protein kinase C at the nuclear membrane could explain, at least in part, the divergent effects of bryostatin 1 and PBt2 on HL-60 cell growth.